As digital collections of scientific literature are
Introduction
The role of unique identifiers in the scientific publishing infrastructure is becoming more and more important [11] . Especially author identifiers [21] play a crucial role in bibliometric research and other searching and harvesting activities.
Author name disambiguation has an important effect on bibliometric analysis [14, 8] , scholarly networks [10] and all other scientometric approches using largescale bibliographic data [13] . Therefore an author identification system with a high accuracy is vital for the further processing on bibliometric data. Harzing [7] explains how frequency of homonym names in Thomson Reuter's Essential Science Indicators can be problematic. Also, Torvik and Smalheiser [18] mentioned that accuracy of author disambiguation depends on name frequency and common names tend to be harder to disambiguate. Kawashima and Tomizawa [9] evaluated the accuracy of Scopus author identifier based on the largest funding database in Japan. They got a high precision and recall, but they noted the dependency of author ID accuracy on country or language.
Several approaches exist to address the systemic name ambiguity problems in research publications: automated or analytical procedures that apply algorithms to publication metadata to identify and group publications of the same author as well as manual approaches that require author interaction to claim or verify authorship [1] . Three recent surveys about author name disambiguation have been presented in the literature [5, 2, 15] . In these surveys the basic problems of author name disambiguation are outlined and the most popular methods are overviewed.
Researchers can register their ResearcherID by self-registration either as subscribers of Web of Science or at the ResearcherID website 2 . The link between documents in Web of Science and ResearcherIDs is established by means of a publication list: Authors themselves add publications to their profile and thus connect their ResearcherID with the publication metadata in Web of Science.
In Scopus, Scopus Author Identifiers are assigned automatically. The algorithm groups author names under a common Scopus Author Identifier based on an algorithm that matches affiliation, address, subject area, source title, dates of publication citations, and co-authors information [3] . However, the exact matching procedure of Scopus is not known. ResearcherID and Scopus Author Identifier are integrated into their respective digital libraries, Web of Science resp. Scopus.
Independent from these two systems, ORCID 3 is an open system designed for author identification [6] . The system started in 2012 and is operated by a non-for-profit organization whose members are commercial as well as educational institutions. Similar to ResearcherID, authors register themselves and receive an identifier which then should be used whenever work is submitted for publication. A couple of journals (e.g. published with Springer or PLOS) use the ORCID identifier already in the submission process of a manuscript and publish the ORCID together with the other author information.
In this technical report we describe the existence of three prominent author identifiers (ResearcherID, ORCID and Scopus Author Identifier) [4] in a joint subset of the Web of Science and Scopus. We will report about the gaps in coverage in different WoS subject areas. Finally we will try to show the effect of author name homonyms on the distribution of ORCIDs (orcid), ResearcherIDs (rid) and Scopus Author identifiers (Scopus).
Dataset
The Competence Centre for Bibliometrics 4 in Germany has access to the raw data exports of Scopus and Web of Science from January 1996 to April 2014. Based on the raw exports, Leibniz Institute for Information Infrastructure (FIZ Karlsruhe) 5 has created an infrastructure for bibliometric analyses that contains standardized representations of both collections. This infrastructure provides a duplicate database 6 that maps pairs of identical publications. FIZ Karlsruhe automatically identified duplicates by pairwise comparisons of WoS and Scopus metadata. Each pair was checked multiple times, applying different properties to be compared (see Table 1 ). We decided to use a rather strict criterion to define the common subset for our analysis in order to achieve two standardized, nearly identical samples of publications in both collections. We set a minimum threshold of 317 (compare Table 1 ) to fetch documents from both collections. We consider pairs of metadata from WoS and Scopus describing an identical publication only if the DOI and two or more other metadata fields match in both records. Other fields are publisher item identifier, issue, publication year, volume, ISSN, first page, first author or title. Applying these criteria we got a dataset that consists of pairs of metadata describing approximately 6,032,000 publications which are both covered by WoS and Scopus.
A small difference (below 0.02%) in the number of publications indicates that the chosen criteria are appropriate to identify identical publications in the two collections. 
Comparing subject areas
We chose the WoS subject areas 7 as reference for the following comparison. As the duplicate database provides a reliable means to identify one specific document in both corpora, it is feasible to apply the subject areas of WoS to the same document in the Scopus database. We grouped all documents in our subset according to the publication year and the WoS subject areas that have been assigned to the same document.
Checking author homonyms
As another selection criteria we chose those first and last name pairs that have either an author id, an orcid or a researcher id assigned. We assumed that a large number of institutions and a very wide range of journals per identifiable author could be the result of incorrect author id assignment. For each first and last name pair with a single identifier of one of the three author id systems and a minimum number of 100 publications, we checked the distributions of institutions they have been affiliated to and the number of journals in which the related publication appeared.
Results

General coverage of author identifiers
Our analysis leads to 184,823 distinct ResearcherIDs (rid) and 70,043 distinct ORCIDs. In the Scopus data, we found 9,839,749 authors, out of which 9,839,711 (100 %) have a Scopus Author ID (authorid) assigned. The automatic assignment of Scopus Author Identifiers succeeded in nearly every document (see Table 3 ) in the subset, whereas the relative number of ResearcherIDs related to publications in recent years decreased steadily (see Table 2 ). 
Coverage in subject areas
We summed the absolute numbers of author ids (any system) present in the subset. Within the twenty most frequent subject areas, Scopus author identifiers are particularly dominant in medical domains such as 'oncology', 'surgery' or 'immunology' (see Figure 1 ). 
Identification of homonyms
The following tables show the total, average and maximum number for each system with author ids related to at least 100 publications in the subset 9 . We found 91 authors with an ORCID, that have 100 or more publications, with 132.7 as average and 355 as the maximum. The Scopus data contains 8,338 authors that are each related to 100 or more publications, and one Scopus Author Identifier appearing in 2,338 publications (see Table 7 ). 9 Please note that the descriptive statistics for publication (see Table 7 ), for institution (Table 9 ) and issue distribution (see Table 8 ) rely on the primary keys assigned to an institution resp. issue in the FIZ Karlsruhe bibliographic database.
The number of publications and journals of these supposed frequent writers are similar for related ResearcherIDs and ORCIDs. This does not apply to the number of institutions associated with these publications, which is less for ResearcherID.
For Scopus, all distributions have much higher maximum values, while the averages differ significantly for the institutions related to the supposed frequent writers: 8,219 Scopus Identifiers have 100 or more publications, that are related to 151.4 institutions on average (see Table 9 ). For each of the three author identification systems, we chose ten authors that were related to the maximum number of publications. Tables 10 and 11 show a limitation of the automated procedure applied in Scopus: While the supposed top ten list of author names for ResearcherID and ORCID do contain Western as well as Asian names, the top ten Scopus Author Identifiers contain exclusively Asian names, which have a common Western transliteration. 
Discussion and conclusions
In this report we compared Web of Science and Scopus with regard to different author identifier systems. Documents in WoS and Scopus were considered identical if DOI and at least two more criteria matched. This might introduce artifacts, as some disciplines might have adopted DOI assignment earlier than others and are therefore overrepresented.
ORCID and ResearcherID require human intervention while Scopus Author Identifier is assigned automatically. Comparing documents with a manually assigned identifier system, ResearcherID is assigned more often (70.5%) than OR-CID (29.5%).
Asian name transliteration leads to common representations of originally distinct author names [20] . This, in turn, results in a remarkable loss of precision of many automated author matching procedures [16] . Therefore, Scopus Author Identifier is not a reliable source for author assignments. Elsevier itself promotes the use of ORCID instead and offers the possibility to import publication metadata from Scopus to ORCID 10 . Authors might sort out false positives during this step and help to improve the Scopus Author Identifier assignment.
The review of author identifiers and the assignment of classification terms points into the same direction. The manual approach ThomsonReuters chose with ResearcherID leads to less ambiguous and more reliable author information, but it requires engagement of the authors. In order to minimize the effort needed to integrate with ORCID, users can link the ResearcherID platform with their ORCID account 11 to send their publication list from ResearcherID to ORCID and vice versa. ORCID is focussed solely on providing persistent identifiers for researchers. The ORCID technology is open source and the web platform can be integrated into other services using various APIs 12 . This openness might be crucial to encourage researchers and service providers to adopt ORCID.
We showed, that at the time of writing, the majority of researchers do not use ORCID or ResearcherID. The steadily growing number of ORCID users indicates that this might change in the future, but as long as this is the case it is necessary to elaborate automated author disambiguation technologies for resilient bibliometrics and increase their accuracy [12, 17] .
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